10-Acetyl-7-(t-butyldiphenylsilyloxymethyl)-4-methylbicyclo[5.3.0]dec-4-en-1-ol was synthesized by aldol cyclization to a five-membered ring, epoxidation, samarium diiodide-induced ring opening, and the RCM reaction to the seven-membered carbocycle. This method has succeeded in constructing the desired stereochemistry in the synthesis of pseudolaric acid A.
Some years ago we reported the total synthesis of the sphenolobane diterpenoids, 1 and 2, using RCM cyclization, aldol type cyclization, and conjugate reducing reactions [1] . The aldol condensations proceeded very well in the cyano ketone systems. However, the selectivity for the reduction of cyano olefin 5 [2] was not very high. Namely, cis-and trans-fused compounds 6 and 7 were obtained almost in a 2:1 ratio (Figure 1 ). There are many diterpenoids having bicyclo [5.3 .0]decene systems, for example portulal (3) [3] , pseudolaric acid A (4) [4] , and so on. In the continuation of our synthetic work on these types of diterpenoids, we have attempted the construction of cis-and transbicyclo [5.3 .0]decene systems by use of direct aldol cyclization toward the synthesis of such types of diterpenoids. Now, we describe the details of these works. From the root bark of Pseudolarix kaempferi, used in folk medicine in China [4, 5] , the antifungal compound pseudolaric acid A (4) was isolated. This has been a synthetic target [6] [7] [8] due to its complex structure and biological activities [9] . It has a trans fused bicyclo [5.3 .0]decene system, the juncture position of which has an acetoxy group. We anticipated that the tertiary oxygen function could be introduced by the aldol reaction. Therefore, we planned the aldol reaction of compound 13. This substrate was synthesized starting from keto ester 8 by alkylation, and the RCM reaction [10] to afford the seven-membered ketone 10. A six-step conversion to cyano compound 12, followed by deprotection and oxidation gave cyano ketone 13. The results of the base-induced aldol reaction of 13 are shown in Table 1 . The desired cyano alcohol 14 was produced in 38% yield (entry 1). However, dehydration product 15 was also obtained as a major product. The stereochemistry of 14 was determined by conversion to methyl ketone 21 (MeLi) (vide infra). Then, we attempted the aldol reaction of methyl ketone 20. Compound 20 was prepared through a similar route to 8 ( Figure  2 ). The chain of keto ester 8 was elongated to produce compound 18. The seven-membered ketone 19 was prepared by the RCM reaction [10] in 94% yield. The ethyl ester was converted to the silyl protected diketone 20 in a four-step conversion. The results of the aldol reaction under a variety of conditions are shown in Table  2 . The desired compound 21 was obtained in 21% yield at most, while a dehydration product 22, and other condensation products, 23 and 24, were also produced. In most cases the starting material was recovered unattached.
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The stereochemistry of compound 21 was determined from the NOESY spectrum. The NOE between H-10 and H-6, as well as between OH and the dimethyl group of the silyl group, were observed to show the configuration as depicted in the formula. Now, we changed the strategy to cyclization of the five-member ring first and then the RCM reaction to the seven-membered carbocycle. Compound 18 was converted to diketone 26 in a fourstep conversion. The results of the aldol reaction are shown in Table  3 . The product was only dehydrated enone 27 (the highest yield 36%). Cyano ketone 30 was used next. The substrate was prepared starting from 8. Alkylation to 28, a three-step conversion to 29, and then a three-step cyanation gave cyano ketone 30. The results are shown in Tables 4 and 5. The desired compound 31 was obtained in 50% yield using tBuOK as a base in diethylether (Table 4, entry 7). Among several bases checked, KHMDS afforded the best results (68%) in diethylether ( Table 5 , entry 3).
The structure of compound 31 was solved by X-ray crystallography. The compound had a desired trans-syn system, while compound 33 had a cis-syn system. The time course of this reaction was carefully analyzed to show that compound 31 was formed rapidly in 20 min and then gradually dehydrated to afford compound 32. Compound 33 was always at a low level. Thus, a reaction time of 20 min was concluded to be the best reaction conditions. Finally, diene 31 was subjected to the RCM reaction (Grubbs II) in CH 2 Cl 2 under reflux to afford a seven-membered cyano compound 34 in 90% yield. When the hydroxy group of compound 31 was protected as MOM, the RCM reaction proceeded to give 36 in 99% yield ( Figure 4 ). However, the configuration of the cyano group is not that desired for the synthesis of pseudolaric acid A (4). Therefore, dehydrated product 32 was utilized for further reactions ( Figure 5 ). The cyano group was converted to methyl ketone 27. The carbonyl group was reduced to a separable mixture of diastereoisomers 37 and 38. Alcohol 37 was converted to epoxides 39 and 40 in 36% and 47% yields, respectively. The configuration of the epoxide was determined after reduction; however, the configuration of the sechydroxy group was not determined. Ketones 41 and 42 were obtained by Dess-Martin periodinane oxidation of 39 and 40 in 74% and 77% yield, respectively. Similarly ketones 41 and 42 were obtained from alcohol 38 in a two-step conversion. Ketone 41 was subjected to samarium diiodide reduction to afford alcohol 43. The stereochemistry was determined from the NOESY spectrum of compound 43 ( Figure 5 ). Fortunately, the methyl ketone group was -oriented. This is presumably due to preferential protonation from the -side (the same side as the hydroxy group) to the resultant samarium enolate. Finally, cyclization of 43 by the RCM reaction gave compound 44 in 88% yield. This compound had a trans fused junction with the acetyl group anti to the hydroxy group, which has the same configuration as that of pseudolaric acid A (4). In conclusion, we have succeeded in constructing the trans-anti bicyclo[5.3.0]decene system by aldol reaction, epoxide opening using SmI 2 , and the RCM reaction. We are now working along this line to the synthesis of pseudolaric acid A (4).
Experimental
General: IR spectra were measured on a JASCO FT/IR-410 spectrophotometer; 1 H and 13 C NMR spectra on Varian Unity 600 (600 MHz and 150 MHz, respectively) and Unity 300 (300 MHz and 75 MHz, respectively) spectrometers. Mass spectra, including high-resolution ones, were recorded on a JEOL JMS-700 MStation. X-ray analysis was carried out using an AXS SMART APEX II analyzer (Mo K radiation, =0.71073 Å). All diagrams and calculations were performed using maXus (Bruker Nonius, Delft & MacScience, Japan). Chemcopak Nucleosil 50-5 (4.6×250 mm) with a solvent system of n-hexane-ethyl acetate was used for HPLC (JASCO pump system). Silica gel BW-300 (32-53 m, Fuji Silysia) was used for column chromatography. Silica gel 60 F 254 plates (Merck) were used for TLC.
General procedure for aldol reaction:
A solution of substrate (ca. 10-1000 mg) in a certain solvent (for example, diethylether, PhH) was treated with a base (1.5-3 equiv.) at 0˚C-rt for a certain time or overnight. The mixture was quenched by addition of either dilute HCl or water and the mixture was extracted with diethylether. Usual work up afforded the products.
General procedure for RCM reaction:
A solution of a substrate (ca. 10-20 mg) in CH 2 Cl 2 was treated with Grubbs II (3-5 mol%) and the mixture was stirred either at rt or under reflux for a certain time or overnight. The mixture was purified directly by silica gel column chromatography to afford products. 
Preparation of compounds 41 and 42:
Compound 27 (111.6 mg) was treated with NaBH 4 (17.5 mg) in EtOH (4.6 mL) in the presence of CeCl 3 /7H 2 O (172 mg) at 0˚C for 10 min; usual work up afforded 37 (57.9 mg, 52%) and 38 (35.2 mg, 32%), after separation.
Compound 37 (55 mg) was treated with VO(acac) 2 (9.1 mg) and TBHP (3.37 M in CH 2 Cl 2 , 0.06 mL) under reflux for 1.5 h to yield 39 (20.3 mg, 36%) and 40 (26.5 mg, 47%). 
Reaction of 41 with SmI 2 :
Keto epoxide 41 (55.7 mg) was treated with SmI 2 (1.1 M in THF, 3.3 mL) in MeOH (11 mL) to yield trans-anti product 43 (29.1 mg) in 52%, as well as the retro-aldol product (1.7 mg, 3%).
Reaction of 42 with SmI 2 :
Keto epoxide 42 (7 mg) was subjected to SmI 2 reduction in MeOH (3 mL) to yield cis-anti product in 41%, as well as 27 (2.2 mg, 33%), a retro-aldol product of the aforementioned compound. 
